Abstract: Permutations can be represented as linear combinations of natural numbers with different powers. In this paper, its coefficient matrix and inverse matrix is derived, and the results show the coefficient matrix is a lower triangular matrix while the inverse matrix is upper triangular. Permutations of n th order are used to generate the inverse matrix. The generation function of natural numbers' power sum is derived to calculate the power sum. Keywords: sum of natural numbers; generation matrix; generation function; Permutations MR(2000) Subject Classification 11B75, 05A15
Introduction
The power sum of natural numbers has its applications in number theory and combinatorial mathematics. The existing algorithms of computing power sum includes recursive method, calculus of finite difference, methods of undetermined coefficients and mathematical analysis (see [1] [2] [3] [4] [5] [6] [7] ). This paper proposes a new algorithm by representing permutation as the linear combinatorial of natural numbers with various powers, and deriving its related coefficient matrix. The matrix is proved to be lower triangular, and its inverse matrix is used to derive the generation function of the power sum. Finally the power sum is computed from the generation function.
Results
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Let xm = and the lemma is proved.
Definition 2.2
Define the n -th ( 1) n  order matrix n A as n -th ( 1) n  order permutation generation matrix. 
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Take derivatives to both sides of the equation:
, so the theorem also holds in the case of nk = . According to the principle of mathematical induction, the theorem is proved.
Lemma 2.8 [8] If
The algorithm to compute power sum of natural numbers
To compute the power sum, the first step is to compute the inverse matrix n n n n n n n n n n n n n 
